Opine production is associated with crown gall tissue, a neoplastic growth caused by infection of dicotyledonous plants with Agrobacterium tumefaciens. Recent publications have claimed that tissues of certain monocotyledonous plants can also be infected by Agrobacterium. Following infection, a part of the Agrobacterium Ti plasmid, T-DNA, is integrated into the chromosome of the infected plant. T-DNA, which codes for opine-synthesizing enzymes, is now used to add foreign genes to plants. A number of laboratories have used opine production in plant tissue, often after arginine feeding or preincubation as evidence for plant transformation by T-DNA vectors. In this report we provide microbiological, chromatographic, spectroscopic and chemical evidence indicating that opines can be formed-in normal callus and plant tissue as a result of arginine metabolism. Therefore, researchers studying T-DNA should be aware of the capability of plant tissue to metabolize arginine to opines. Opine production following infection with T-DNA may not always be sufficient evidence to indicate transformation by the Agrobacterium Ti plasmid.
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Opines are aminoacid derivatives normally found only in plant crown gall tissue (7) . Their formation by plant tissues often following feeding or preincubation with arginine, has been taken to be confirmation of cell transformation by T-DNA vectors (1, 7, 8, 10, 12, 16, 20) . Among the most common opines are nopaline and octopine. Nopaline is formed by the direct condensation of arginine and a-ketoglutaric acid, whereas octopine results from condensation between arginine and pyruvic acid. It is generally accepted that opines are synthesized in transformed cells following infection by Agrobacterium and they serve as carbon-nitrogen source for the invading bacteria (7, 16 (2-4, 11, 14, 15, 17) . Contrary to the conclusions reached by the above investigators, there have been scattered reports that certain opines could be detected in normal cells (13, 21, 23) . One of these claims however, was withdrawn in a subsequent publication (18 (9) .
Feeding Experiments. Arginine was incorporated in media at a concentration of 100 mM. Callus or plant tissue was grown on the arginine-enriched media for 3 to 5 d. In some cases, tissue was incubated with a-ketoglutaric acid and NADPH/NADH prior to the assay. The tissue was then subjected to analysis as described by Otten and Schilperoort (19) .
Paper Electrophoresis Separation and Identification of Nopaline. Samples were analyzed by electrophoresis on Whatman 3MM paper using two buffer systems-pH 1.8 (19) and pH 6.5 (10) . The former buffer was composed of HCOOH:acetic acid:water (1:3:16 v/v) and electrophoresis was conducted for 1.5 h at 400 V (about 20 V/cm). The latter buffer consisted of 5% pyridine and 0.25% acetic acid in water with electrophoresis conducted for 1.5 to 2 h at 350 V. Two dimensional electrophoresis was conducted at pH 1.8 and then at pH 6.5. Pure nopaline, arginine, and octopine were used as standards.
After electrophoresis the papers were dried and phenanthrenequinone positive spots were visualized as described by Otten and Schillperoort (19) . To confirm further its identity, the unstained putative nopaline spot was eluted from the chromatograms and dissolved in water (2 mg/ml). The solution was mixed with an equal volume of 4 M acetic acid and the mixture was heated at 100C for 1 h. Under these conditions nopaline is converted to pyronopaline, a compound with a slightly decreased mobility upon electrophoresis at pH 1.8 (10) . The mobility of the treated putative nopaline in that buffer system was identical to that of authentic noapline converted to pyronopaline.
TLC and NMR Spectroscopy. TLC of the guanidino-compounds was performed on silica gel plates using the following solvent systems: I, chloroform:methanol (95:5 v/v); II, 1-propanol: 34% (III) . The first lane in each picture indicates standard arginine (A), octopine (0) and nopaline (N). Acetopine (Ac), can be seen between arginine and octopine. Samples derived from arginine feeding experiments were spotted in lanes I 2-9, II 2-7, and III 5-9. Lanes I 10-14, II 9-14, and III 10-14 were spotted with plant extract derived from tissue which had not been preincubated in arginine-enriched media. Schilperoort (19) . Other experiments utilized tobacco (cv H425), cotton (cv DPL6 1) and soybean (cv Hardin) callus and leaftissue incubated on Gamborg's B5 media enriched with arginine (100 mM) for 4 d followed by incubation with a-ketoglutaric acid and NADPH/NADH. We were able to detect significant amounts of nopaline in both callus and leaftissue of soybean; small amounts of nopaline could also be detected in cotton callus and leaftissue, whereas we could only detect a guanidino-compound, but not nopaline, in tobacco tissue. This latter compound could also be detected in soybean and cotton callus tissue. The relative amount of this compound, which we named acetopine, to nopaline varied in soybean and cotton. Nopaline was found to be the major opine metabolite in the case of soybean, whereas acetopine was the primary guanidino-compound isolated from cotton. Figure  1 indicates the relative amounts of opines detected in soybean, cotton and tobacco tissue. We could also detect guanidinocompounds with electrophoretic mobilities equal to those of nopaline and acetopine in asparagus leaves from field-grown plants and also in corn callus (cv Al 88), following arginine preincubation. We frequently checked callus cultures for the absence of contaminating bacteria. Southern blot analyses confirmed the absence of T-DNA from the plant material used in this investigation (K Barton, unpublished data).
Arginine feeding was necessary for opine production, we established that arginine was not converted to nopaline or other metabolites under the conditions of our assay in the absence of plant extract or the presence of boiled extract. TIME (hours) FIG. 3 . Nopaline catabolism studies demonstrating that only Agrobacterium strains carrying nopaline synthase and nopaline catabolase genes are capable of utilizing nopaline as nitrogen and carbon source. "x," nopaline isolated from plant tissue. 0, A208(pTiT37) with nopaline synthase and nopaline catabolase genes; *, Al 14(nTi) with no Ti plasmid, 0, B6 with octopine synthase and octopine catabolase genes and 0, A6 also with octopine synthase and octopine catabolase genes.
Putative nopaline and acetopine compounds were isolated in order to further characterize them. Soybean callus was used for the isolation of nopaline and cotton leaf tissue served as the source for acetopine. Twenty g of tissue were incubated on arginine-containing media for 4 d (no NADPH and a-ketoglutaric acid were included in this medium). The tissue was then subjected to exhaustive Soxhlet extraction for 48 h with methanol as the extraction solvent. The plant extract was decolorized with activated charcoal and concentrated to a very small volume on a rotary evaporator. The residue was subsequently subjected to column chromatography on silica using a chloroform:methanol gradient. Elution was monitored by paper electrophoresis. Similar fractions were pooled, concentrated, and evaporated to dryness.
Recrystallization of the residue from methanol yielded pure samples of the two compounds. Both compounds were analyzed by paper electrophoresis (two different buffers), and TLC (three solvent systems), and they were shown to be pure. One of the two compounds co-migrated with authentic nopaline in all the chromatographic systems we tested. Both compounds gave a characteristic reaction with phenanthrenequinone, thus confirm- ing the presence of a guanidine-substructure (24) . The mobility of acetopine on paper electrophoretograms and TLC suggested that it might be a condensation product between arginine and acetate with mol wt and electrophoretic mobility intermediate to those ofarginine and octopine (Table I) . This was later confirmed by NMR spectroscopy. Based on its structural similarities to nopaline and octopine we named this compound acetopine. The identity of nopaline was also confirmed by NMR spectroscopy (Fig. 2) . Two-dimensional paper electrophoresis, as well as the conversion of nopaline to pyronopaline (10) 
